Unexplained infertility is defined as infertility in which the cause is difficult to detect with current diagnostic technology. The frequency of infertility is about 1 in 10 couples, but unexplained infertility accounts for about 20% of cases. The progress in infertility treatment over the last 2 decades has been remarkable and the number of infertile patients who conceive and deliver as a result of assisted reproductive technology (ART) has increased. It is nevertheless important to utilize methods with minimal physical and economic burdens to the infertile couple. Therefore, in patients with unexplained infertility following standard infertility screening tests, timing therapy that coordinates the time of ovulation and coitus is performed. If the couple does not conceive following such treatment, controlled ovarian hyperstimulation (COH), which includes clomiphene citrate and gonadotropins, and intrauterine insemination (IUI) are performed. COH results in ovulation of high quality mature ova, regulates the endocrine environment, and improves the state of the endometrium. The hope of COH is to improve pregnancy rates because COH combined with IUI increases the number of sperms that reach the ampulla of the tube for fertilization at the appropriate time. If COH with IUI is unsuccessful, before switching to the next treatment option (i.e., ART), diagnostic laparoscopy is performed. Diagnostic laparoscopy is the final step in determining the cause of infertility and is also frequently performed as a standard procedure in diagnosing infertility. When patients with unexplained infertility following standard infertility screening tests underwent diagnostic laparoscopy, 21%-68% of these patients have been found to have pathologic abnormalities, which may include endometriosis and tubal disease (Cundiff et al. 1995; Belisle et al. 1996; Badawi et al. 1999; Corson et al. 2000) . For infertile patients in whom these pathologic abnormalities are considered the cause of infertility and are treated by laparoscopic surgery, COH and IUI are performed again. However, for infertile patients in whom spontaneous conception is deemed impossible because of severe adhesions in the pelvic cavity, they should be switched to ART. Diagnostic laparoscopy is thus essential in determining the optimal man-agement plan. If unsuccessful by COH and IUI after surgery, ART should be performed.
ART, including in vitro fertilization and embryo transfer (IVF-ET) or intracytoplasmic sperm injection (ICSI), is performed for tubal, male, and unexplained infertility. Because the technique of IVF-ET bypasses physiologic ovum pick-up and transfer to the uterus, the assessment of the tubes and other intra-abdominal pathology wound not change the final treatment decision. Recent improvements in ART treatment outcomes have led to the tendency to bypass diagnostic laparoscopy and to directly perform ART without evaluation of the intra-abdominal cavity. The role of diagnostic laparoscopy for patients with suspected unexplained infertility is still under debate. In the current study, 57 infertile patients with normal HSG findings underwent diagnostic laparoscopy at Kinki University Hospital during between January 1997 and December 2006. We evaluated the role of diagnostic laparoscopy in patients with suspected unexplained infertility and normal HSG findings.
Materials and Methods
Between January 1997 and December 2006, a total of 520 infertile patients underwent screening tests for infertility at Kinki University Hospital and were followed up for at least 6 months. The screening tests included hormonal testing (follicle stimulating hormone, luteinizing hormone, prolactin, estradiol, and progesterone), HSG, semen analysis, post-coital test, endometrial dating, auto-antibody testing (anti-nucleotide and anti-cardiolipinβ 2-glycoprotein-I antibodies), Chlamydia antibody (IgA) testing, and thyroid function tests (thyroid stimulating hormone, free T3, and free T4). Of these patients, 246 had normal HSG findings and 67 had abnormal HSG findings and were recommended to undergo diagnostic laparoscopy. Fifty-seven patients accepted the recommendation and underwent diagnostic laparoscopy, and a retrospective analysis was performed. The mean age of the patient was 31.8 ± 3.6 years and the mean duration of infertility was 3.1 ± 2.8 years. Forty-two patients (73.7%) had primary infertility and 15 patients (26.3%) had secondary infertility. In this study, the criteria for normal HSG findings were as follows:
(1) absence of intrauterine abnormalities, (2) visualization of bilateral tubal spill of contrast medium, as well as absence of a hydrosalpinx, and (3) absence of pooling in the diffusion image 24 hrs following the HSG. This study was approved by the Institutional Committee at Kinki University Hospital.
Results
Of 57 patients who underwent diagnostic laparoscopy, 11 (19.3%) had normal findings and 46 (80.7%) had pathologic abnormalities. Endometriosis was identified in 36 patients (63.2%); 14 (24.6%) had stage I endometriosis, 7 (12.3%) had stage II endometriosis, 8 (14.0%) had stage III endometriosis, and 7 (12.3%) had stage IV endometriosis. Five patients (8.8%) had peritubal and/or perifimbrial adhesions. Six patients (10.5%) had myoma uteri. Three patients (5.3%) had tubal occlusion during laparoscopy, although bilateral tubal spill of contrast medium on HSG had been confirmed prior to the diagnostic laparoscopy (Table 1 ). The following abnormal findings were treated during laparoscopic surgery: endometriosis was treated by bipolar coagulation; peritubal and/or perifimbrial adhesions were lysed; tubal occlusion was treated by falloposcopic tubolplasty; and myoma uteri was treated by myomectomy (3 patients with small subserous myomas did not undergo myomectomy because they were judged not to hinder pregnancy). Not all of the abnormal findings led to changes in the management plan. Laparoscopy did not change the management plan in 49 patients (86.0%), but the management plan was changed in 8 patients (14.0%). In 8 patients, ART was performed because of severe tubal disease, such as peritubal and/or perifimbrial adhesions and tubal occlusion.
Following laparoscopic surgery, 29 pregnancies (50.9%) were achieved. The treatments that led to pregnancies are shown in Table 2 . The number of patients who conceived by timing, clomiphene citrate, clomiphene citrate combined with IUI, gonadotropins, and gonadotropins combined with IUI and IVF-ET were 12, 4, 2, 2, 3, and 6 
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The number of patients who conceived by non-ART (timing therapy, clomiphene citrate therapy, clomiphene citrate therapy combined with IUI, gonadotropin therapy, and gonadotropin therapy combined with IUI) and ART was 23 (79.3%) and 6 (20.7%), respectively. patients, respectively. The cumulative pregnancy rates following laparoscopic surgery are shown in Fig. 1 . The cumulative pregnancy rates after 6, 12, and 18 months following laparoscopy were 44.8%, 72.4%, and 79.3%, respectively. Until 12 months following laparoscopic surgery, the cumulative pregnancy rates increased, and then reached a plateau. Most pregnancies were achieved within 12 months after laparoscopic surgery. These results illustrate the high success rate of laparoscopic treatment.
Discussion
As a result of the improvement in ART outcomes, there have been several opinions regarding the role of diagnostic laparoscopy in infertility evaluation and treatment, and a growing tendency to bypass diagnostic laparoscopy and perform ART for patients with suspected unexplained infertility and normal HSG findings. Fatum et al. (2002) suggested that diagnostic laparoscopy should be omitted in patients with suspected unexplained infertility. They stated that these patients should be treated with 3-6 cycles of combined gonadotropins and IUI, and if the treatment is unsuccessful, they should be switched to ART. They pointed out that the fecundity rate of women with minimal or mild endometriosis who undergo laparoscopic surgery (6.1%) is much lower than fertile women (20%). They added that patients with mild tubal disease can expect pregnancy following adhesiolysis; however, if they do not achieve pregnancy, the final solution will be ART. Finally, they stated that patients with severe tubal disease accompanying abnormal HSG findings are best advised to proceed to ART. Consequently, they mentioned that the reasons supporting ART bypassing diagnostic laparoscopy are as follows: (1) improved outcome of ART, (2) lower pregnancy rate following diagnostic laparoscopy for patients with suspected unexplained infertility and normal HSG findings than following ART, and (3) lack of a contribution from diagnostic laparoscopy in the management plan for patients with suspected unexplained infertility and normal HSG findings.
Even though HSG is widely used for assessment of tubal patency, an accurate assessment of tubal status cannot be obtained with HSG alone. The correct assessment of tubal status can only be made via laparoscopy, which allows for direct visualization. There are several reports that have documented the shortcoming of HSG if not followed by diagnostic laparoscopy, especially when normal findings were reported. In one study, the sensitivity of HSG in detecting peritubal adhesions was reported to be 34%-75% (Rice et al. 1986 ). In another study, a meta-analysis revealed that HSG had a sensitivity of 65% and a specificity of 83% for tubal patency and peritubal adhesions (Swart et al. 1995) . In our study, diagnostic laparoscopy performed for patients with suspected unexplained infertility and normal HSG findings revealed pelvic abnormalities in 46 (80.7%) of 57 patients. Our findings are supported by previous studies which have reported that when diagnostic laparoscopy is performed for infertile patients with normal HSG findings, 21%-68% were shown to have pathologic abnormalities (Cundiff et al. 1995; Belisle et al. 1996; Badawi et al. 1999; Corson et al. 2000) . Furthermore, considerable variability in the interpretation of HSG abnormalities and its clinical consequences have been reported among practitioners (Mol et al. 1996; Glatstein et al. 1997) . In patients with unexplained infertility following standard infertility screening tests, diagnostic laparoscopy is the definitive step to visualize the pelvic cavity and determine the potential causes of infertility, which may include endometriosis and tubal disease. In previous studies, diagnostic laparoscopy performed for unexplained infertility revealed pathologic abnormalities in 75%-80% of the cases, in which endometriosis was diagnosed in 30%-80% of the cases and The cumulative pregnancy rates after 6 and 12 months following laparoscopy were 44.8% and 72.4%, respectively. Until 12 months following laparoscopic surgery the cumulative pregnancy rates demonstrated an increase.
peritubal adhesions were identified in 29%-41% of the cases (Drake et al. 1997; Sandra et al. 2003; Nakagawa et al. 2007 ). Sandra et al. (2003) reported that diagnostic laparoscopy changed the management plan in 25% of infertile patients with normal HSG findings; our findings were the same. In 8 (14.0%) of 57 patients, the management plan was switched to ART because of severe tubal disease. Sandra et al. (2003) suggested that diagnostic laparoscopy may be of considerable value, even after normal HSG findings, provided the change in management is effective. It is therefore concluded that diagnostic laparoscopy is a reliable procedure in detecting abnormalities and in contributing to the management plan in this patient population. Nakagawa et al. (2007) performed diagnostic laparoscopy for unexplained infertility patients and compared the pregnancy rate following laparoscopic surgery with that following ART treatment performed in the same center for patients of different age groups. Because they obtained a significantly higher pregnancy rate following laparoscopy (75%) than following ART treatment (33.3%) in women 26-30 years of age, they stressed the importance of performing diagnostic laparoscopy in infertile patients with unexplained infertility. In our study, of 57 patients who underwent diagnostic laparoscopy, 11 had unexplained infertility and normal pelvic findings. Four pregnancies (36.4%) were achieved within this group of patients. In addition, 16 (44.4%) of 36 patients with endometriosis became pregnant. The pregnancy rates for stage I, II, III, and IV endometriosis in the revised classification of the American Society of Reproductive Medicine were 42.9% (6 of 14 patients), 42.9% (3 of 7 patients), 50.0% (4 of 8 patients), and 42.9% (3 of 7 patients), respectively. No significant difference was observed among each stage. Even cases with severe endometriosis were able to achieve pregnancy rates of 40%-50%, demonstrating that spontaneous pregnancy can be expected even in severe cases of endometriosis by correcting the anatomic abnormalities by laparoscopic intervention.
In conclusion, diagnostic laparoscopy is beneficial for patients with suspected unexplained infertility and normal HSG findings because it has been demonstrated to be a reliable procedure in detecting infertility causes in the pelvic cavity, which could then be treated, allowing postoperative pregnancies. The contribution of diagnostic laparoscopy to the management plan is also of considerable value, provided the change in the management plan is effective. Therefore, diagnostic laparoscopy should be performed first in patients with suspected unexplained infertility and normal HSG findings as it is of diagnostic and therapeutic importance. It is then necessary to re-evaluate the indication for ART, as ART is considered to be the final resort in infertility treatment.
